Abstract. In many tropical regions, rapid expansion of monoculture plantations has led to a sharp 9 decline of forest cover, which potentially degraded the water flow regulation function of watersheds.
dealing with this issue is still rare, especially in the tropical area where oil palm expansion occurs at 23 alarming rate. We employed the SWAT hydrological model to calculate two indicators of water 24 regulation function of a watershed: the proportion of the direct runoff to the rainfall (C) and the 25 proportion of the baseflow in the total streamflow (BFI). Using regression analysis, we show a strong 26 correlation between indicators of water flow regulation (C and BFI values) with the proportion of forest 27 cover and agricultural plantation cover in a watershed. To achieve the required C value of less than 28 0.35, the proportion of forest cover in the entire watershed should be greater than 30% and the 29 proportion of plantation cover should be less than 40%. The results of this study are very useful as a 30 guide for spatial planners to determine the minimum proportion of forest conservation area to maintain 31 a sustainable ecosystem service of water flow regulation in a watershed. terms of how the available water is partitioned between runoff and base flow (Bruijnzeel, 1990) ]. Forest 46 vegetation provides organic matter and habitat for soil organisms facilitating higher infiltration compared 47 to other land uses (Hewlett, 1967) .
48
In Southeast Asia, the transformation of tropical lowland rainforest into plantations such as oil palm 49 and rubber plantations is happening at an accelerating rate, with consequences for water dynamics. For 50 example, in the Jambi Province of Indonesia, where the rainforest has largely been transformed into 51 plantations (Drescher et al., 2016) , inhabitants experience water shortage during dry season (Merten et 52 al., 2016) and dramatic increase of flooding frequency in wet season (Tarigan, 2016) . These water 53 shortage problems are often associated with the decrease of infiltration due to the loss of forest cover and 54 the increase of plantation cover in the watershed (Dislich et al., in press; Bruijnzeel, 1989; Bruijnzeel, 55 2004). Oil palm and rubber plantations show distinctly higher direct runoff compared to that of forest 56 land use (Tarigan et al., 2016) . According to Yusop et al. (2007) and Rahim et. al. (1992) , the baseflow 57 of an oil palm catchment in Malaysia was 54% of total water flow, which is lower than baseflow values 58 of forested catchments. Annual runoff can increase after forest conversion due to the reduction of tree 59 stand evapotranspiration, while baseflow decreases due to the lower infiltration rate in deforested areas 60 (Dinor et al., 2007) . Rainfall infiltration is often reduced to the extent that insufficient rainy season 61 replenishment of groundwater reserves results in strong declines of dry season flows (Bruijnzeel et al., 62 2004) . Similarly, the infiltration capacity in oil palm plantations in Bungo, Jambi, Indonesia was only 63 half of that in natural forests (Sunarti et al., 2008) . Plantation establishment and harvesting activities involve soil disturbance and compaction, which in turn reduce infiltration rates. In Papua New Guinea, 65 the lowest infiltration rate was found in the harvest path (Banabas et al., 2008) . Thus, land use 66 transformation of tropical rainforests into plantation land uses has considerable effects on water 67 infiltration rates.
68
Reduced infiltration rate of plantation land uses should be compensated by maintaining a sufficient recommended for evaluation of hydrological ecosystem services of a watershed (Vigerstol et al., 2011) .
73
It quantifies the water balance of a watershed on a daily basis (Arnold et al., 2012; Neitsch et al., 2009 ).
74
The SWAT modeling approach is one of the most widely used and scientifically accepted tools to assess 75 the water management in a watershed (Gassman et al., 2007; Zhang et al., 2013) .
76
The objective of this study is to quantify minimum proportion of forest cover in a watershed for 77 sustainable water flow regulation. We chose a study area with rapid expansion of oil palm and rubber 78 plantations on Sumatra, Indonesia. As indicators of water flow regulation function of the watersheds, we 79 used the direct runoff coefficient and the baseflow index. The direct runoff coefficient (C) is the direct 80 runoff ratio of to rainfall. The baseflow index (BFI) is the proportion of the baseflow in the streamflow.
81
We employed the SWAT hydrological model to simulate watershed flow components required for 82 calculation of the C and BFI values. Then, we used regression analysis to determine quantitative relations 83 of C and BFI with the proportion of forest cover and oil palm and rubber plantation cover in the 84 watersheds.
85

Methods
86
Study area
87
The study area was situated in the Jambi Province of Sumatra, Indonesia (Fig. 1a) was dominated by forest and oil palm plantations (30 % and 32 % cover, respectively).
117
In the SWAT modeling steps, the BH and MT watersheds were sub-divided into smaller sub-
118
watersheds. Delineation of the watershed and their sub-watersheds was based on automatic delineation the field data analysis for observed BFI values were carried out in the six macro watersheds (Fig. 1b) .
134
The simulated C&BFI values obtained from SWAT model were compared to the observed values. 
Observed C values
136
The observed C values were calculated from hydrographs of two small watersheds in the study area
137
( Fig. 1c) . Based on our previous plot experiments (Tarigan et al., 2016) , surface runoff from the oil palm 138 and rubber plantations were significantly high compared to that of forest land-use. We therefore focused 139 our field measurement on the small watersheds with a high proportion of plantation cover in the entire 140 watershed. The two watersheds were purposively selected so that the proportion of plantation cover (oil 141 palm and rubber) in both small watersheds matched some of the sub-watersheds used in the SWAT 142 simulation model.
143
The dominant land-use type in the first watershed was oil palm (90%), meanwhile 80% of the second 
Results and Discussion
161
The BH and MT watersheds were delineated into 25 and 23 sub-watersheds respectively for the SWAT 162 simulation model (Fig. 3) 
The correlation of C&BFI values and the proportion of land-use types in watersheds 168
The SWAT model simulated flow components of all 48 sub-watersheds in both watersheds. From these 169 simulated data, we derived 48 data vectors, each vector consisting of C&BFI, the proportion of forest 170 area, and the proportion of other land-use types of each sub-watershed (Fig. 3a, 3b and Table 3 ). Four 171 land uses dominated both watersheds, namely forest, agroforest, plantations (oil palm and rubber), and 172 shrubland ( Fig. 3c and 3d ). The C values significantly decreased with increasing forest cover proportion (R 2 = 0.73, p < 0.05, (7 cm h -1 ) < between rubber trees (7.8 cm h -1 ) < under frond piles (30 cm h -1 ) < forest (47 cm h -1 ).
183
The Ministry of Forestry of Indonesia considers C values of less than 0.35 as acceptable for a good 184 watershed service in Indonesian watersheds (Ministry of Forestry Decree, 2013). Based on our study, to 185 achieve a C value of less than 0.35, the proportion of forest cover in the sub-watershed should be greater 186 than 30% (Fig. 4a ) and the proportion of plantation cover should be less than 40% in a sub-watershed 187 (Fig. 4b) .
188
The BFI values showed significant positive correlation with the proportion of forest cover (R 2 = 0.78, 
Observed C values
193
To verify the C values obtained from the SWAT simulation (Table 3) , we determined the C values 194 from the field experiment in two small watersheds in the study area. Both watersheds were covered 80 to
195
90% by plantations (rubber or oil palm). We selected nine individual rainfall events and then averaged 196 the C values. The averaged C value obtained from the field experiment were 0.59 (Table 4) .
197
To find out whether the simulated C values ( comparison showed that the average of the simulated C values of 0.6 (Table 5) is very similar to the 201 average of the observed C values of 0.59 (Table 4) . Observed BFI values were derived from longer historical daily streamflow data of the six macro
204
watersheds from 2005-2013 (Fig. 1b) . The observed BFI value had a significant correlation with the 205 proportion of forest cover in the macro watersheds (Fig. 6 ).
206
When comparing the correlation graph of the proportion of forest cover with the simulated BFI (Fig.   207 5a) and the observed BFI values (Fig. 6) respectively, there was a difference. As an example, to achieve 208 a BFI value of 0.5, the required proportion of forest cover based on the simulated BFI was 45 % (Fig. 5a ).
209
Meanwhile, to achieve a similar BFI values, the required proportion of forest cover based on the observed 210 values was 33% (Fig. 6) . Thus, the SWAT model underestimated the simulated BFI value. This can be 
Application of the research results
215
How can we manage the declined ecosystem service of water flow regulation under rapid is allocated for conservation (forests) while the other part is used intensively for a production purpose 220 (i.e. agriculture areas). Related to the land sparing approach, the results of this study are needful as a guide 221 for regional planners to determine the required proportion of forest conservation area to reach a 222 sustainable ecosystem service of water flow regulation in a watershed. Based on our study, to achieve a 223 C value of less than 0.35, the proportion of forest cover in the entire watershed should be greater than 224 30% (Fig. 4a ) and the proportion of agricultural plantation cover should be less than 40% in the watershed 225 (Fig. 4b) . 
Conclusions
229
The study presented here shows how a watershed hydrological model like the SWAT can be used to 230 help spatial planners to determine the minimum proportion of forest cover and the maximum proportion The streamflow data of the six macro watersheds were provided by the Ministry Merten, J., Röll, A., Guillaume, T., Meijide, A., Tarigan, S., Agusta, H., Dislich, C., Dittrich, C., Water Sci.Technol.,56,41-48, 2007. 325 Zhang, X., Izaurralde, R.C., Arnold, J.G., Williams, J.R., Srinivasan, R., 2013. Modifying the soil and 326 water assessment tool to simulate cropland carbon flux: model development and initial evaluation. Sci.
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